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I. REPARTITION OF POTASSIUM IN CELLS 
AND PLASMA 

Dulikre reported in 1931 a constant enrichment in 
the serum potassium of blood kept in contact with cells 
over a period of days. 

The manifestations of potassium poisoning have been 
well known since Blake’s observation in 1840. The 
synipton.ls in both cold’ and warm4 blooded animals 
have been reported. Such poisoning is not pectiliar to 
the animal kingdom, for alterations in the concentra- 
tion of potash in certain plant cells or in the itidun~s 
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m which they live profoundly affect many of their 
normal reactions.*< 
Because of this, an investigation of the loss of potas- 

sium from cells and its increase in the plasma, as one 
of the abnormalities of stored blood, was felt neces- 
sary. An investigation seemed doubly imperative on 
account of the recent rapid rise of “ b l d  banks,” 
together with the growing convic%ion that blood kept 
too long is dangerous, as judged by an occasional severe 
reaction, a greater incidence of post-transfusion jaundice 
and an occasional unexplained death. 

Normally human red cells contain twenty times as 
much potassium as there is in the plasma. I t  is the 
chief mineral base of cells. Naturally factors altering 
this distribution would make available an ever increas- 
ing amount of potassium in the seruiii of preserved 
blood. 

FIRST SERIES 

The first group of experiments was designed to 
check DuIi4re’s statement. Two samples of the same 
human venous blood were collected with aseptic pre- 
cautions and kept in pyrex flasks stoppered with cotton, 
in the dark, in a refrigerator at 4 C. in the following 
manner : 

ESPDIMENT 1.-The blood, 2% cc., was kept under liquid 
petrolatum. 

ExPBarnaem Z-The blood, 250 cc., was mixed with 2.5 per 
cent solution of sodium citrate in sufficient quantity to make a 
mixture containing 0.31 Gm. per hundred cubic centimeters 
of blood. 

At the same time a 5 cc. sample was mixed with 
heparin (Connaught) in a centrifuge tube and spun for 
one hour. This served as the sample for base line 
determinations. 

Portions of the serum or plasma were pipetted off at 
twenty-four hour intervals for five days and then at 
approximately weekly intervals for a month. With 
each analysis, material for culture was taken and 
streaked on blood agar plates. These were observed 
for growth at the end of twenty-four and forty-eight 
hours. 

Potassium determinations were done by the argentil 
cobaltinitrite modificationd of the method of h e r  
and Tisdall: the final colorimetric readings being made 
on the Evelyn photoelectric colorimeter.* The value 
given is the mean of two aliquots. Cell volume was 
determined by Sanford-Magath tubes spun for one hour 
at 2,000 revolutions per minute? Specific gravity was 
measured by the method of Barbour and Hamilton.’“ 
The plasma protein content was calculated by the 
formula of Weech, Reeves and Goettsch.” 

The following experiment is typical of the series as 
to method and results: 

7 Kramer B iad Tisdall F F.: A Cdnial Method for the 
tativ; D e t e i m i n i k  of PotaAiuA in Smdl -ts of mm, j%:: 
Chm. 4e1339-349 (April) 1921: 

8 Evelyn K A.: A Stab114 Photoelectric colnimeter with Light 
Filteb, J. B&l. &em. 116: 63-75 (Ang.) 1936. 

9. Sanford. A. Ha,. md M ath,.T. B.: A New Centrifuge Tube for 
volume Index ~ a c m m ~ , Y ~ o d ~  ~ a d r a  MU), J. u. dt CIA 
Med. 15: 172-173 (Nov.) 1929. 

10. BPrlxyt. H. G.,.md Ha~iltao W. F.: Tho Fi l lh  Drop Yetbod 
for Detcrmming Spcnhc Crane, 5. Bid. chem. BB:&S-640 (A& 
10% -.--. 

11  W d  A A.. R m -  F B and Coat.cb E* The Rc&tioa&i 
Bet~ccn Spkific Ciarit 
Transudate from Dogs. { BIOI. chm. 11s: 167-174 (FA) 1936. 

a i d  ‘Pdein Coatcot b P*IM. Srmm a s  



2264 BLOOD PRESERVATION-SCUDDER ET AL. Jovi. A. M. A. 
JWNX 3, 1939 

E~PERIUENT 1.-Blood ke# d e r  oil withorrt a preservative. 
The blood of the daun, Dr. J. S., was of group B. 

Procdure.-In addition to the detaminationr, which served 
to provide basic d u e s ,  made at the time of the bleeding, eight 
other sets of analyses were made, and the results were expressed 
in four ways (table 1): 

1. Column 4; actually observed; serum potassium as milli- 
grams per hundred cubic centimeters of serum. 
2 Cdumn 5 ;  by calculation as milligrams of potassium in 

the serum of 100 cc of blood. This figure for practical pur- 

TABU l (experiment l).-BIood Kept Uidcr Oil Without 
Prrscmtive 

1 0 1 4  5 6 I 
YUllmmr of Potassium Per- 
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basered SllmbiIMnmerItr' of at 

:gg J z OR6 n.1 so.% €1.0 
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poses gives at a glance the a d  amount of serum potassium 
in every hundred cubic centimeters of blood on any given day 
when preserved in the stated manner. 

3. Column 6; by calculation as milligrams of potassium given 
off into the serum by each hundred cubic centimeters of cells. 
This figure is thmretically more cmenient for comparative 
pmposes. as it obviates the differences created by bloods whose 
cdl volumes may vary markedly from n o d .  
' 4. Column 7; as percentage of potassium which has diffused 
out of the cells. 

Each day's d u e s  represent the sum of the increments to 
that particular day. care being taken throughout to estimate 
the amount of potassium removed in the various test samples. 
At each sampling a note was made concerning. the presence 
and degree of hemolysis. 

Values.- 
Basic Valas: hematocrit rading, 54.3 per cent cells and 

45.7 per cent serum; plasma potassium, 21 mg., whole blood 
potassium, 202 mg. and cell potassium (calculated), 354 mg., per 
hundred cubic centimeters; specific gravity of plasma, 1.0274, 
and plasma proteins, 6.87 G m  per hundred cubic centimeters. 

Calculation : 
(a) For base line or zero values: blood sample, 250 cc.; 

serum volmne, 250 x 0.457 (percentage of saum)  = 114.4 cc. ; 
determined serum potam'um, 21 rag. per hundred cubic centi- 
meters, and total potassium in original serum, 24 mg. 

(b) For fint day's increment: blood sample, 2 cc.; serum 
potassium (obsemed value), 40.0 mg. per hundred cubic centi- 
meters: potassium in 2 CC. sample, 0.8 mg.; potassium in 
residual scram, 114.4-2 x 0.4 =45 mg. ; total potassium 
in serum after twenty-four hours, 45 +0.8=45.8 mg.; 
incruse in total potassium in serum in twenty-four hours, 
45.8-24 (originally prcsent) = 21.8 mg.; increase in serum 
potassium of 100 c c  of blood in first twenty-four hours, 
21.8 x a= 8.7 mg.; amount of potlssium given off in 
first twenty-four hours by each hundred cubic centimeters of 
cell$ 21*8 250 (cc. of blood) X 0.543 (percartwe of cells) = l6 mg** 
and wmcntage of d l  potassium diffused out into serum in first 

250 (4 

100 

expressed as the sum of the incrmnts. 
Resalts.-These are shown in chart 1 and table 1. 
In each 0; the two flasks there was a steady rise in 

the serum or plasma potassium. In the hematocrit tube, 

however, for the few days observed, the increment was 
less and suggested that either heparin was a markedly 
superior preservative or the slow diffusion was the 
result of some other factor. 

In each instance there was discernible discoloration 
of the supernatant fluid by the fifth day and obvious 
gross hemolysis by the fourteenth. 

The data in table 1 suggest that blood kept, under oil 
at a constant temperature loses in the first week at least 
25 per cent of its cell potassium, at the end of three 
weeks about 40 per cent and from that time on diminish- 
ing quantities. In more practical terms, such blood at 
the end of the first week contains in the Serum of each 
hundred cubic centimeters of blood at least 50 nx. of 
potassium and any time after two weeks at least 75 mg., 
the aniount gradually increasing. 

SECOND SERIES 
The second group of experiments was designed (1) 

to clieck the results of the first series, (2) to asEeTtaitl 
the effect of trauma (such as shaking) on the rate of 
loss of potassium from cells and (3) to see what effect 
the shape of the container had on the rate of dithion. 
The blood of the donor, Dr. G. S., was of group 0. 
Five hundred cc. of blood was collected and placed in 
three Pyrex flasks. 

EXP~~IMENT 3.-The blood, 150 cc., was kept under oil with- 
out an anticoagulant. 

EXP~IMENT 4.-The Mood was placed in a Sanford-Magath 
hematocrit tube containing heparin and spun for an h r .  

EXPERIMENT 5.-The blood, 150 cc., was mixed with 50 mg. 

EXPEPIMEIPTS 6 and 6B.-The blood. 200 cc., was mixed with 

These flasks were treated in a manner similar to the 
first set. The results are shorn in table 2. 

From the observed values, none of the anticoagulants 
prevented the loss of potassium from the cells. The 

of heparin. 

the usual sodium titrate solution. 

Chart l.-Conn~t of potsuium in- in diffmntly preserved Mot&. 
Both tk dtrated blood and the blood .tmed nuda oil were is Erlenmeyer 
&aka. The heparinized bIood was kpt in a centrifuge tube. Data from 
experiment 1, table 1. 

rate of diffusion appeared a little slower in the citrated 
blood. There was a distinct difference in the heparin- 
ized bloods (chart Z), that in the container with the 
larger interface showing the more rapid diffusion. This 
indicates that the shape of the container and not the 
anticoagulant was probably the cause of the slow 
diffusion in the heparinized blood in the first e e s .  
Here again, 'tation by vigorous shaking hastened the 
process of di P usion (chart 3). 
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TEIRD SERIES 

In the third series four samples of fresh venous whole 
blood were preserved in 2.5 per cent solution of sodium 
citrate, 3 per cent solution of sodium citrate, Peytm 
Rous solution'* and the Russian citrate s~lution.'~ 

ExPEUmem f.-Blood #resewed in 25 per cent solution of 
sodium citrate. The blood, from a professional donor, G. W., 
was of group 0. To 125 cc. was added 17.5 cc. of 2.5 per cent 
solution of sodium citrate to give a mixture containing 0.31 Gm 
per hundred cubic centimeters of blood. Each day a 2 c c  

Cbart 2.-The e&* of the shape of the llask 011 potusium diffusion. 
Data fmm experiments 4 and 5, table 2. 

sample,was removed from the supernatant fluid without dis- 
turbing the cells and the potassium content determined as in 
expcrimeat 1. 

The results are tabulated in table 3 and graphidly repre- 
sented in charts 4 and 5. 

EXPERIMENT 8.-Blood preserved in 3 per cerit solution of 
sodinin citrate. The donor was the YIM as in expVimmt 7 
and the procedure was the same except that 15 cc. of a 3 per 
cent solutiw of sodium citrate in Jterile water was used as the 
preservative for 125 cc. of blood The gram percurtages are 
exactly the same, 0.31. 

The results are tabulated in table 4 and graphically repre- 
sented in chart 5. 

E x m m c m  9.-Blood pleserved in Russian citrate com- 
fiound, The blood of the donor, Dr. C. R D, w a s  of group 0. 
Fifty c c  was added to an equal quantity of preservative made 
up according to the fdlowing formula : sodium chloride 7 Gm., 
sodium citrate 5 Gm, potassium chloride 02 Gm, magnesium 
sulfate 0.001 Gm. and distilled water l.Oo0 cc. The rate of dd- 
fusion was &ermined as in experiments 7 and 8. 

The results are tabulated in table 5 and graphically repre- 
sented in chart 5. 

EXPERIMSNT IO.-Blood prescmed irr Peyton Roils coinfioormd. 
The blood of the donor, Dr. J. S., was of group B. To 150 c c  
was added 250 cc. of 5.4 per cent solution of dextrose in dis- 
tilled water and 100 cc. of 3.8 per cent solution of sodium citrate. 
The high percentage of sodium citrate in this preservative con- 
traindicates its use for transfusions; the cells, however, may be 
resuspended in saline solution and used. The results are shown 
in table 6 and chart 5. 

SUMMARY, PART I 
1. There is a daily increase in the amount of potas- 

sium present in the serum or plasma of whole blood kept 
in vitro under aseptic bacteriostatic conditions. 

2. The transference of potassium from cells to plasma 
begins at the time of withdrawal from the blood stream. 
The rate is rapid at first and gradually diminishes. 

3. The total amount found in the serum at the end 
of ten days reaches 25 per cent of the total potassium 

11. Rcua. P e e ,  and Ttuncr J R.: Tbe *tion of Living Bed 
Bbad Cdb in Vitro: I. YethLof Plsmotum, J. Exper. Ye& S8: 
219-23X ( F h )  1916. 

13. Goodall J. IL: .And-, F. 0.; AltLau, C. T.. i d  11PSh.d. 
F. L.: An foehusbbk Source of Blood for TmufuJan iod It. Pnr. 
crmtion, Sur#., G m .  & Obrt 66: 176-178 (FA.) 1938. 

content% the red blood cells in the fresh state and at 
the end of thirty days may exceed 50 per cent. 

4. The rate at which the potassium is given up by 
the cells is greatly increased by shaking. 

5. The rate of potassium diffusion is evidently 
influenced by the shape of the container. The 
larger the interface area, the more rapid the diffusion 
(chart 2). 

6. Hemolysis appeared at varying times in the differ- 
ent samples ; none was present in the sample preserved 
in the Peyton Rous compound. 

7. Changes observed in these experiments were not 
due to bacterial infection. 

8. Sodium citrate in a mixture containing 0.31 Gm. 
per hundred cubic centimeters of blood is more effective 
as a preservative than the more complex Russian citrate 
compound. 

9. The citratedextrose mixture of Peyton RQUS 
prevents loss of hemoglobin from the cells but not loss 
of potassium. 

1 I .A  COMPARISON OF THE RATES AT WHIGH 
CELLS LOSE POTASSIUM AND 

HEMOGLOBIN 
In the third series of experiments, repeated attempts 

to measure accurateIy the small amounts of hemoglobin 
in the plasma of only slightly hemolyzed bloods were 
unsuccessful with the usual acid hematin methods such 
as those of Helige and Sahli. With the Pulfrich 
photometer, however, small daily increments were 
denionstrable with greater consistency. The method 
used is a modification of that described by Heilmeyer?' 
The content of hemogIobin may be calculated in grams 
per hundred cubic centimeters of plasma and then 
reexpressed as grams lost from the cells per hundred 
cubic centimeters of blood. 

The potassium determinations were done as described 
in part I, the cultures on blood agar plates and the 

Chrt I.-Effcet of rbPdin# on prexrved blood. Data from experiment. 
6 d 6B, table 2. 

jn determinations first by titration and then checked 
by means of a Helige glass electrode potentiometer 
which had been calibrated by buffers. 

EXPERIMENT 1 1.-Blood presented in diluted Russian Citrate 
comfionnd. The blood of the professional donor, J. F, was of 
group 0. 

Equal parts of blood and diluted praervative were mixed by 
adding 125 cc. of blood to 125 cc. of preservative which con- 

14 Heilmeyer Ludwic: MediinireLe SpektmpbotommiZ J-. Gurt.r 
FiAer. 1933, D.' 86. 
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tained 875 mg. of sodium chloride, 625 mg. of sodium citrate, 
25 mg. of potassium chloride and 0.5 mg. of magnesium 
sulfatda 

The blood and the preservative were checked for initial b m  
values, which were compared with the pa of the mixture at the 
end of the experiment. 

Hemoglobin determinations were done at the first suggestion 
of hemolysis. Cultures were takeii at well spaced intervals. 

The zero value used in determining the daily increments 
of hanoglobin was 40 mg. in the plasma from 100 cc. o f  blood 
This quantity is our normal value for blood which has been 
centrifuged for one hour. 

The basic values were as follows: hematocrit reading, 45.6 
per Cent cells and 54.4 per cent plasma; plasma potassium, 17.6 
mg., whole blood potassium, 192.0 mg. and cdl potassium (cal- 
culated), 400.0 mg. per hundred cubic centimeters; specific 
gravity of plasma, 1.0253; plasma proteins, 6.25 Gm. per hun- 
dred cubic centimeters; PR of blood, 7 3  and pa of preserva- 
tive, 7.4 
The results are tabulated in table 7 .  
Eximiurm 12.-Blood preserved in sodiicni citrate a d  

adrenal cortex extract. The blood of the professional donor, 
J, F., was of group 0. To 125 CC. was added 15 cc. of a 3 per 

TABLE 7 (experiment 1l).-Blood Preremd Lr Diluted R~rstLn 
Citrate Combotirid 

Jdlliigram of Potudum Per- Mg. of 
,centage Eamo 

Valoc Potas- P l u m e  
par100 PCrlDo From rlnm per100 Culture 
C e o f  &.of 1 W C C  MUuluRd C c o f  (Blood 

D8te Days PIarmr Blood o!C& Out Blood A m )  

bbserved SwnofIon'olmntr Of cell mbh In 

1 
Y 
8 
4 

6 
8 
10 
12 
14 
16 
18 
50 rs er 
58 
80 a 
0 
46 
68 

.I 

m 

10.2 
24.Y 
938 

40.1 
47.7 
50.3 
1134 
80.0 
87.5 
74.1 

81.0 
Oel 
m.3 
1oB.3 
1073 
109.0 
111.0 
128.0 
1188 

w.s 

80.1 
m.e 

9.1 
50.6 
B.8 
97.0 
41.4 
Bed 
38.1 
40.9 
80.7 
90.0 
98.4 

lm.8 
116.7 
U d O  
184.3 
m.4 
137.7 
140.2 
156.5 
lseS 

n.4 

iooa 

ns 
US 
50.0 
819 
90.0 
114.7 
123.0 
la85 m.5 
177.0 
M.4 

m.0 
m.8 
m.7 
m.0 
W.O 
rn.8 
802-0 
807.6 
JCUO 
SIl6.0 

ma 

5.8 
lla . 
12.5 

as 
28.7 
80.7 
s.4 w.1 
Ha 
40.3 
54.0 
w.3 
60.9 
a 4  
8 . 0  
186 
14.2 
75.6 
16.9 
8.5.4 
69.0 

50s 

.. 0 .. 

.. 0 

.. 0 

a7 .. 
ISM .. 
841.0 .. 
m.0 0 
Bz.9 .. 

3,liS.O .. 1,m.o .. 
P.YI.0 .. 
*16F.o 0 

813.0 .. 

cent solution of sodium atrate aud 10 CC. of adrenal cortex 
extract. the mixture being treated like that of experiment 11. 

The basic values were the same aa in expairneat 11 except 
that the pa of the mixture of sodium citrate and a&cnal cortex 
extract was 7.3. 

The results are tabulated in table 8 and graphically repre- 
sented in chart 6. 

E X P ~ ~ I ~ ~ E N T  13.-Blood preserved m irrldilnted Rtissian 
citrate conrpoiird The blood of the professional donor, J. F, 
was of group 0. The procedure was similar to that of expui- 
mart 11 except that only one Mf the quantity of preservative 
was used and no distilled water was added The 125 cc. of 
preservative contained 312.5 mg. of sodium citrate, to make a 
mixture containing 0.228 Ga per hundred cubic centimeters 
of blood. The results are shown in table 9. 

EXPERIMENT 14.-Blood preserved in Grey's buffered solii- 
fion. The blood of the professional donor, J. F., was. of 
group 0. The procedure was the same as that in experiment 11 
except that 112.5 CL of blood was used and 125 cc. of preserva- 
tive prepared according to Gny.16 The results are shown in 
table 10. . 

Table 11 shows at a glance the difference in rates 
of hemolysis in the four types of preservative. The 

1I:Crey. Temple: Bdertd  Citrate Solution m Blood Transfusion. 
La& % 8  1431 (Dn 18) 1937. 

Joua. A. ?.I. A. 
JUxt 3. 1939 

increases of each are expressed in grams in the plasma 
of 100 cc. of blood and then as percentage of hemo- 
globin lost from the cells. 

Table 12 expresses the percentage loss of potassium 
from cells. 

The information gained shows that none of the pre- 
servatives prevented an increase in plasma potassium, 

T A B L ~  11.-Thc Differeiice in Rates of Hemolysis 

Date Days 
Po 
22 
41 
20 
58 
80 
I 
84 s aa 
46 e 

"W-. 
muit 1P- mot 19, 

Solution 'of Undiluted 
Sodium Citrata Rurdan 

and Adrenal Citrate 
Cortex Extract ComDOtmd 

IzxwrI- 
meat 11: 
Dlhted 
Rwaian 
Citr8te 

Compound 
(8ampIn Hemoglobin Hemoglobin HemodoMn Bemoglobln 
c~lleetni InPIrana InPlumr inPIama i n n u m a  
LicDt.22) - I 1 

Per 
Om. Cent 
0.001 0.005 

0.844 %20 
0.624 8.49 
0.684 4.58 
OBlE 6.U 
1.130 1.87 

1.w 9.a 
1.897 11.31 
2.236 14.01 
8.133 20.W 

a m  1.17 

i.sw ai0 

Om. 
0.078 
aw 
0.180 
0354 
0.88 a m  
O.ll6 
OBOP 
O S 9  
I* 
1.674 
2.161 

Per' ' m' 
om. Cent Om. Cent 
0.lU 0.76 0.05 0.17 
0.164 1.00 0.0% 0 . 1  
o s  1.n a im o.n  

. .  
Per 
Cent 
0.S 
0.08 

S l  0.477 3.l.9 O.B.9 1.50 
sa3 
4.n 
L-35 
6.a 
8.W 
11.00 
1424 

1.87 0~ ~~ o~isc i:c 

and of the preservatives analyzed sodium citrate func- 
tioned best. The blood kept under oil manifested the 
same changes. The reason underlying the mechanisni 
of potassium loss is obscure ; the finding of an increase 
in ammonia may prove significant. 

Aniberson la has shown that hemoglobin itself is not 
toxic to the vertebrate body if it has been freed from 
stroinas, and if the solution was properly balanced 
infusions containing from 12 to 14 per cent caused no 
abnornial reaction. The quantities present in the plasma 
of the most hemolyzed bloods under our observation 
have not approached this figure. 

TABLE 12.-Pcrccr1tagc Loss of Potassium from Cells; 
CorttMrisorr of Di5eretit Preservotivrs 

Solution Of 
Dlluted Cltrate #odium Cndl- luted Qrey'6 

2.5% 3% 
80M- 80111- RW-D Peyton RWl-  and B~6l.n Buf- 

tionof tioflot Cltxmte Bow Cltrate Adrenal Citrate fmd 
Sodium Bodhm Com- Com- Com- Cockx Cam- soh- 

DayiCltrate Cltrata poMd nonod pound Extrret pound lbn 
1 10.7 18.8 LII.1 10.0 1.11 20.4 LbJ ps1 
14 s?a s . 7  40.a as us 84.1 ma ea 
n 44.3 oa (10.0 u.2 MI 61.7 w.6 sa 
yo w.7 44.7 en.0 JIA 74s as m.1 61.4 

There potauium *rcL rm con- In tbs laboratory of h. Robert 
P. Locb on armphi iubmitted W. 4.1938. 

SUYYARY, PART I1 
1. The erythrocytes of preserved blood lose potas- 

sium at different rates, depending in part on the type 
of preservative. This loss begins before the diffusion 
of hemoglobin. Hence the degree of hemolysis cannot 
be used as an index of potassium loss. 

2. A high degree of potassium diffusion may be 
present in the complete absence of hemolysis (table 7). 

111. THE TOXICITY OF POTASSIUM 
With the observed increase of potas@uni in the 

plasma of stored blood, a remvestigation of the toxic 
action of this base was deemed necessary. 

1% Ambmon. W. R.: Blood Subdtuta. Bid. Rev., Cambridge.Pbib 
sopbid  Soc. 1% 4886, 1937. 
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The literature on the subject is abundant," and some 
of the lethal doses are tabulated in tables 13 and 14. 

Six years after Blake'sz discovery that injections of 
potassium cawed cardiac arrest in dogs, Bouchardat 
and Stuart-Cooperl* in a series of fifty experiments 
established the lethal doses for fish, frogs, fowl, dogs 
and rabbits, Although this work was done in 1546, 

TABLE 13.-LefhaI Doscs of Potassirm (Giistav Biirigc, 1871) 

Aolm.1 

Babbltr.. ........... 
-9.. .............. 

Rabblt.. ............ 

Cats ................. 

Rabbits.. ........... 
Dogs.. .............. 

DOgR.. .............. 

Wclght Dosc, Time of 
Pg. Qm. 881t Death 

1. Introduced into Stomach ... S KCI JOmh. 

0 16.20 KC1 l h r .  

9. Subeutaneous Injection 

1.64 YCl 4WOrnln. 

4 , FXOt l%h. 

1.9 4 

1.2 S KCI l%h?S. ... 8 KCI 1%hm. 

S. lntrarenoos Injrrtion ... 0.2s PI3 Immedlate ... 0.3 M O i  Immediate 
1-1.5 PCl Immedlite 
0.1 PCI Immediate 

0.0-1 KCI ........... 
4. Intradrtcrld InJntIon ... 1.5 KCI ........... 

Authority 

Quttmann 
Bunge 

Orllla 
POdkOpWW 

Quttmann 

Ialck 

h o p e  
Bum 

Qrandeau 

Qnadcru 
Bunpc 
Podkopaer 

Podkopam 

TC8UbZ 

the conclusions are valid today, namely that the toxic 
action of potassium depends on the mode of adininis- 
tration, the rate of injection, the amount of potassiutii 
in the salt used and the individual resistance of the 
aninial. 

Concerning the toxicologic effects of potassium there 
are many contradictory data, owing in part to the choice 
of the animal. There is, however, fairly uniform agree- 

TABLE 14.-Lcthal Iiitrovenoiis Doses of Potasshirtr 
(Sirrcc B U I I ~ C )  

Year Authorlty Admal Salt s%ni gu Kg. 
1881 Ieltr andBItter ......... Do. PCI 48 
le8s Bochefontifnc ........... Dog KCI 100 
l898 Doglcl ................... Doe KXOa m 
lm Boucbard and OIIver.. .. Dog KCI 8D.W 
1D10 Jweph and Melher.. .... Dog XCI 88.8 
1w8 Mum ti .................. Dog KCI 30 

Y O i P O t n -  

ment that small doses of potassium increase, while large 
doses weaken and paralyze, the normal functions of the 
nervous, glandular and niuscular systems. 

Most authorities attribute death to cardiac paralysis : 
Claude Bernard,'s T rau I~ , '~  Grandeau,?l Aubert and 

17 Wcbrter R W and Branan, W. A.: Potassium and Tartratn. 
h i c k ,  C&ond& Praa. 1927. 

18. BouehardPt and Stuart-Cooper: ExpCliennr aur I'action pbmi- 
Orogique compde des cblorure. b m u r e  et iodure du potassium, Arch. 
g h .  de mid. aupp. 361-378. 1846. 

19 Bernard Clnnde. Lecmr sur In &eb des aubatancm toxiqua et 
mi.di;uaente& Par&, J.-B. Bai1Iili)re & ma, 1857. y. 350. 

20. Traube: Ucba die Wirlmng d a  s.lpctert.tuen Ksli auf daa Hen, 
Cenulrlbl. f. 6 mcd Wi-h: 0:  429.1864.. 

21. Cnnduu. Lo&: E x p C n y a  sur I'acUon phyaidoriques~du reL de 
potassium, de d u m  et de rnkdium. J. de I'mt. et de pbsiol. 1: 378- 
385, 1864. 

Dehn,= Bohmt8 Dogiel,** Feltz and Ritter,fs Boche- 
fontaine,'* Binet:' Hald,'* Matbjson,'g Howell,"o 
Gross and Wiggers.'* 

Electrocardiograms taken in the course of conditions 
associated with hyperpotassemia or after ingestion," 
injection," perfusion I6 or topical application a2 of 
potassium salts show a variety of changes. These range 
from slowing of the rhythm, decrease in PR interval 
and low voltage, to bundle branch block, ventricular 
fibrillation and cardiac arrest. 

The respiratory and cardiac centers are other focal 
points of potassium action. Hooker:' had demon- 
strated, by infusing the medulla of dogs, that 'an increas- 
ing concentration of potassium over calaum in the 
spinal fluid is followed by lmth respiratory and cardiac 
arrest. 

Vascular smooth muscle is constricted by an increase 
in potassium concentration.a8 Of importance is the 
recent experimental work of Katz and who 
reported coronary dilatation with small doses and 
complete occlusion with larger doses of potassium. In 
this condition, sodium salts caused relaxation of the 
constricted vessels. 

The effect of potassium on blood pressure depends 
on the iiianner of injection and amount of the salt 
injectedy0 In general a decline in blood pressure occurs 
with intravenous *l and a rise with intra-arterial niedi- 
cation?* 

Aubert and Dehn,*' however, reported a rise with 
very small intravenous doses. Mathison" has con- 
fimied both the pressor and depressor effects of 
potassium salts. 

Toxic oral doses are promptly vomited, and with 
certain animals ligation of the esophagus'* was neces- 
sary to demonstrate that absorption from the gastro- 

22. Allbat. li., an3 Dchn, A.: Ueber die Wi+ngen der &flea. des 
Flewluxtracts und der 1cllwlze auf Xenthitigkat und Blutdruck, Arch. 
f. d ges Physiol S:115-155 1874 

2;. B&m, &:'Weber WieberbelLbung lueb V u  ifttmgm d Aspbyxie. 
Arch f ex 

24' D .Ti.: weber den E i u n  emiger w e  auf ulu*cln und 
h . c & n , ~ t r a l h l .  f. d. m d  W i u m r b .  80: 35+3!6, '1892: 

25. Pdk. V. T.. and Rmer. C. E. E.: De I'urenie arpcrimcntdc, Rev. 
med. de l 'ai  la: 176.17?, la!. 

2 4  Boehefontaine, Ipwr. Theodore: Quelque expirimca relntiva P 
I'Ctude des &h physiolomques de la mde. de Ir poluM et leurr &, 
CompL rad. Soc de biol 0 -  78-82 1883 

27 Binet P.: Sur la &xi&& cobar& du mCtaux a k d i n a  et alcalim- 
t a r &  cO&. rend A d  d .E. 11Sx251-253, lag?. 

28. &Id, P. T . Die Wirk; der Kaliinlrc auf die Kr&hutPargane. 
Arch. f. 7 P h .  u Pbam%l. 68x227-260. 1905. 

29. Math rpn. C, C.: The E M S  of Potanium SJt. n tk Circuh- 
tion and Their Acnoll 011 Pkin M u d c ,  J Physid. 4%: 4 E 9 4  1911 

30 Hmdl W H: An A ~ I j l i .  oi the Influence of th; Sodi+ 
P&um anh C 8 l e i u ~  Salts o j  tbe Blmd on the Automatic Contractiuq.; 
of Heart M u r k  Am. Physwl 6: 181-206 190!-1902 

31, G.m, E.: Die L c u t u n  'der s.Le der R cr'&en -ng fiir 
das uolierte S a u p h e r z  Arc%. f d Pb$f S?x264-322 1903 

32 Wigfen J: Mokophuic %%ped Vmtncular &PI& 
Remaking Surfkc  Application of Potaasiurn Wts.  A m  Hart J. 6: 
346-350 (Feb.) 1930. 

33 Scuddcr /.; Zwemer R. L. and T d o w s k i  R .  Potadum in 
Am& htdh Obstructic'n, Su& I: 74-91 ( J a b  '1937. Scudder 
and Zwemcr." 

34. seUddu.2; Zncma R. L., Lpd Wbipple. A. 0:: Acute Intestinal 
Obatruction: rahutpn o i  Reaultl m 2,150 . k s ,  with Detailed Stndia 
of Twuty-Five Showmg Potaasium Y a Toac Factor. Ann Sura. 107: 

35 Chamberlain F.; Scudder J and Zwaoer B L.: To plrb!hbep 
3 l  Cautrelct J&: De I'~ctk"'sur le coeur & i'ii tanium duroaC 

et iitroduit p> ele*rolyar., Compt rmd. Sa. de b i o r o a :  1084-1085, 
1 on7 

Path. u. Pharnukol. Sx6glOl. 1878. 

161-197 (Feb.) 1938. 

.I".. 

37. H d e r  D It.: The Perfusion of the M a m d i n  Medub- Tbe 
E I T ~ S  of caiciuk of Potassium 011 the Reapintory Centen. Am. J. 
P h p d  88' 200-208 1915 

38. k l f & i i  G.; 'Ricer'ehc intorno dl'uione farmacologiu delle & 
j a S i  dci aali de -0, Arch. internat de pharnncad. 11: 313-356. 381- 
403, 1903. HJd' 

39 Ks L N and Under E.. The Action d Ex- Na Ca and 
40. M c C y  A.. and Hi j! 4: -n m 6. &-tory 

meet of Pohrs um Salts Due b ~ % p b n n e ,  A m  f?Pbysiol. 114: 207- 
211 (Da) 1935. Matbkoma 

41 Klaekrg P a On the bulocnee of Potassium Sodium Tartrate up00 
the &cutation' Am Yed 81 62242S 1903 

42. M a t h i d 9  
43 ~ u n  ~ u r t a v :  W& die pbysi- W i r w  der R e i r b m b e  

und'der &pk. Arch. f. d. sea. Ph uoL 4x231-282. 1871. orhla, 
M. P.: Traite & poisons. d. 2. PUL, t3oclurd. 1818. 

K A th%-<y-, A ~ C  ~ . ' p h  M. 104: iss-ipo oe+* 1938. 

A h x t  and Debnp 
McCui u and H:@lui. 
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intestinal tract may be toxic. The lethal doses, however, 
are from seventy to a hundred times the intravenous 
ones. 

ANIMAL EXPERIMENTS 
T o  test again the toxic action of potassium, the 

rabbit and dog were selected. The fornier has a high 
and the latter a low potassium content of the blood 
cells. 

o 2 4 6 6  m E n a m i r z a m a a  
=v dcb&i&--r-2Tt; ;oc& *&LE ofmn&muo&dfmd 

a.rrl% e%lc Thi. &art S h m r  L e  a d  mmurt of porunom 

in two wwa: (4) tbe urrolmt Oe from 100 cp of ails (thcooctial) 
awl (b)  tbe incraw in tpe pomaium in acb bund.4 mbic centimeters of 

t 7  table3 TbapocDfrfathi.JurL.were 
th w imcmnpa 

bbod DItnfNml 
.bwad 

in crh cnbk centb+r# of blood In r i v k  a , t p d d o n  of 
1000 cc ofthrs bktod 011 tbethu&th day one would be gwmg 1 Cm. of 
&+m. Under such ammmtany antk wodd need to be 
amucd, fa example in tbe rate of rnjcchon. 

TABLE 15.-Rabbits Given Injcctiors o j  Solutioi of Potassium 
Chloride 

base tin; r ~ o a  

4 226 OSSI 10 J ~ l u r e l n  0.W 8.4 Conoublon; 
B.ddIr dled a t  once 

5 ao om M ~ugu~arve io  0.1s P convnlnion: 
B . W J  died in few 

I 9.0 1.Y 0 Jugularvein 0.467 E# Conoolsioa: 
minutea 

s1ow1y died lo I3 
m i e  5 aec. 

In our first set of experiments five rabbits were 
used. In three the potassium chloride solution was 
injected rapidly into the jugular vein, with imniediate 
death after a generalized convulsioti. In two the solu- 
tion was injected into the peritoneum; one lived a week 
and the other recovered and was given an intravenous 
injection on the twelfth day. The results are given 
in table 15. 

In the second group of experiments four dogs were 
used in an attempt to determine more accurately what 
part the speed of injection plays in the production of 
toxic symptoms. A typical protocol is presented in 
table 16. The actuaI lethal dose was given when 275 
cc. (138.5 nig. of potassium per kilogram) of fluid 
had run in. The additional 25 cc. was accidental and 
may account for the excessive rise shown by the last 
value for plasnla potassium. The gradual fall in the 
specific gravity and protein content of the plasma 
may be considered as an indication of blood dilution. 
The changes in the cell volume as recorded by hernato- 
crit readings are more difficult to explain. The initial 
fall represents dilution and the secondary rise a sudden 
transport of fluid from the blood. 
. A summary of the experiments on dogs is presented 
in table 17. 

TOXICITY IN M A N  

The literature is very meager regarding the toxic 
action of potassium on man. Orfila in 1818 reported 
the following cases : 

A man with periodic fever took 1% ounces (45 cc.) of potas- 
sium nitrate. thinking it was cpsom salt. and died in ten hours. 

r I I I I I I I I I I I I l A ~  

A woman aged 40, suffering from heartburn, took 3 or 4 
drachms (11 to 15 Ga) of potassium sulfide in 4 ounces 
(120 cc.) of water by mistake. Severe vomiting ensued. fol- 
lowed by unconsciousness, the presence of black blood in the 
capillary system, especially of the lips and eyelids, and paralysis 
of the left side of the body. The d o n  of the heart was barely 
perceptible and then failed Autopsy showed the mouth and 
esophagus to be dean; the gastric mucosa was not greatly 
involved, except that here and there it was dry and red, with 
sulfur precipitates. 

Many other cases were reported ; when death was rapid 
the picture was one of shock and when it was delayed 
one of severe gastro-enteritis. 

Bunge observed that small doses do not affect the 
pulse or temperature. 

Kylin" in 1925 injected from 0.15 to 0.8 Gm. of 
potassium chloride intravenausly and reported a fall in 
the blood sugar content. 

44. Krlin. E., and End. A.: Ueher die Einwirkung der K-imcn auf 
den Blutznckenpiegcl, Klin. Wchnrehr. 41 653, 1925. 
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Arden in 1934 recorded a case in which 15 Gm. of 
a potassium salt was taken by mouth. Muscular weak- 
ness, paresthesia of the hands and feet and a metallic 
taste in the mouth appeared in forty minutes and lasted 
from three to four hours. 

Electrocardiographic tracings after the ingestion of 
potassium salts q u i d e n t  to 4.3 Gm. of potassium 
element have been reported." 

5. Recovery may be effected by artificial respiratiq,, 
cardiac massage, the use of oxygen, injections of salt 
solution" and administration of cortical extract in 
large doses." 

The employment of preserved blood has increased 
during the past twenty years because of its nunierous 
ad~antages.'~ 

COMMENT 

TAE~LE l6 . -h j t~ i0n into Dog of isotonic (116 Gin. per Huridred Cubic Centimeters) Solution of Potassium Chloride 

56. cc. .celdent.n~ m In rapMb atw nmN*lon. 

TABLE 17.-Dogs Given Injections of isotonic (Id6 Gm. per  Hundred Cubic Centimeters) Solution of Potassitint Chloride 

Comment 

¶ 10.3 1.802 61.1 No mebtbala: ilnId admtnWaM 
b ~rrlace. 10 ee. at a the. #lowh: 
d h  at- n eonvuhlon 

12.0 n6 5.18 m.0 64 2.2.7 17W Pentobarbital wdImn* auld run In 
rlmly by Infurlon; & after 
eonrulllon 

4 

m a  8plnaI 8uld 

SUMMARY, PART 111 

1. The parenteral administration of potassium is 
associated with toxic manifestations of both muscular 
and nervous tissue together with a depression of the 
centraimrvous system. 

2. The h o s t  specific action of potassium is on the 
heart and circulation, with disturbances varying from 
diminished cardiac output to immediate diastolic arrest. 

3. We have reaffirmed the lethal doses for animals 
previously reported. 

4. The rate of injection is of particular importance, 
for when the potassium is given slowly several times 
the usual lethal dose is tolerated. 

45. Arden Fdiix: Experinuatd Obaermtiona upon Tbirat and on 
Pototdurn &ndonp, Australian J. Expli. Biol. & M. Sr. 12: 121-12;3 
(SePt.) 1934. 

Of the many preservatives used, none tested pre- 
vented the diffusion of potassium from cells. In sewer+ 
heholysis was slower and in one it did not take place 
at all, yet the diffusion of potassium was not altered. 
The remainder showed definite hemolysis; in some it 
started as early as the fifth day. All this illustrates 
the inadequacy of present methds of storage. 
46 Ambers Psmllel and Helmholz, H. F.: The Detoxifyiq A& of 

Sodi;m Salt Pota8rh11 Salt in the Guinea PIC, J. Pkrnmcol. & Expr. 
Therap. LB:19-35 (Aus.) 1918. 
47. Lerisohn Richard' Blood Tmfuliop, by tbe'Citrate Method 

Sur#., Gylm. & Obat. alr37-47. 1915: A New and Greatly Shplifid 
Method of Blood Transfunon b1. Bee BY: 141-142, 1915- Twenty Yam' 
Exprienee with the Citrate'Metbod of Blood Tranrfudao. Ann. Surg. 
106: 602-609 (April) 1937. ShUMI. V. N.: The Tnnafusion of 
Stored Cadaver Blood, L.nat a1306309 (Aug. 7) 1937. Perry, A h -  
@ret C.: Pruemation of Blood for Tnnsfu8iaq Wiacansin M. SS: 
123.121 (March) 1926. Ypdin. S. S.: Truufmion of Stored &daw 
Blond, Pradicd CorUirlmhoru: The Pint, Thounnd Cua. Lancet a- 
361-366 (AUK. 14) 1937. IlokruOn, 0. H.: Tnaufuaion with d 
Red Blood C&. Brit. H. J. 1: 691-695 (June 22) 1918. 
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Although the observation that red blood cells lose 
potassium is not new," no attempts have .been made 
to prevent this loss. One of the problems of the future 
themfore is an attempt to keep blood under such con- 
ditions that both diffusion of the salts and hemolysis are 
prevented. The required knowledge may come through 
a better understanding of the laws which govern cell 
metabolism, diffusion and surface phenomena. 

Naunyn I o  in 1868 first described the toxic properties 
of laked blood. His observations have been reaffirmed 
by many subsequent investigators, beginning with 
Landois," but the nature of the toxic substance or sub- 
stances has yet to be revealed. 

and Phemister and Handy 62 reported 
that there was something in slightly laked bloods which 
caused vasodilatation and in more severely traumatized 
blood which &used vasoconstriction. It was not 
histamine, not products of the disintegration of epineph- 
rine and not the pituitary principle, nor did it develop 
as the result of changes in oxygen, carbon dioxide or 
hydrogen ion concentration, shifts in temperature or 
exposure to light or air. Petroff and his asspciates 

Phmister 

0 L 10 I S  2 0  aJ 30 3s 40 45MVS 

Chart &-Blood preserved in solutim of sodium citrate and adrenal 
cortex extract. These cuna illnstrate that diffusion of pot.uium a c u n  
before di f f ir ip~~of  hmpplohin d. indicate the necessity. of criteria o tbs  
than h e m o b s  in uaw the vanmu types of preservatives. 

have observed such vasoconstriction of the splenic, 
renal and pulmonary vessels following the injection of 
hemolyzed blood but did not isolate the causative fac- 
tors. Amberson la has established the fact that the toxic 
factor is ' not hemoglobin. 

Kronecker as long ago as 1882 suggested that the 
toxic effects of laked blood were due to its high potas- 
sium content. The finding of a large increase in the 
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plasma potassium of preserved blood again raises this 
question. The intravenous lethal dose for man has not 
been observed. Studies on animals suggest that a rapid 
transfusion of from 3 to 5 liters of blood with a plasma 
content of 100 mg. per hundred cubic centimeters would 
be necessary to kill an adult. Blood preserved for 
thirty days by the methods now in use would contain 
potassium at this level, but it is unlikely that such quan- 
tities of stored blood would be used except as a slow 
continuous drip. It is probable, however, that such 
blood oftem may be used m quantities sufficient to cause 
toxic ndfestations from its high potassium content. 

The rapid administration of large quantities of blood 
preserved too long may be dangerous in conditions 
associated with hyperpotassemia, s afically in the 
dehydration of cholera," intestinal o r struction," intes- 
tinal ,fistula IT and severe burns.' 

Likewise its use seems contraindicated in both 
renal and hepatic insuffidency so as well as in those 
diseases in which potassium retention is manifest, such 
as typhoid, influenza and pneumonia.' 

In certain disorders of the ductless glands linked 
with disturbances in salt metabolisrn:O such as para- 
thyroid tetany" and the collapse state of addisonian 
crises,'" the giving of highly potassic blood may be 
dangerous. 
O n  the other hand, in conditions of h potassemia, 

or pota$sium lack, preserved blood may E d a specific 
use. 

Finally, in hemorrhage and shock,@t in which the 
need for blood is greatest and in which preserved blood 
finds its greatest usefulness, its improper use would 
seem to carry the greatest danger. 

This study has been limited to potassium and heino- 
globin. No claim is made that in potassium alone lies 
the noxiousness o f ,  preserved blood. Observations 

and Whipplc" 
57 Scudder rad Z- R. L.. The E5ect of Can letc Intatinal 
58. Bouchard, Charla, aqd Oliver, Thomu: Lectnrn on AuloimtoJu- 

4. .2. philadelphi. 
6lnur, Payan d$crthier. Felt. and 

on mad Potamima, ~u;qery %*: 519-531 (0ct.l 193!. 

tian in DLew or Self Pmlonm of the Individn 

59 Blrrm L . Adel,  E. nnd Hauaknecht R- Lp variatioy de. la 
tmedr du dngk d a  h&n eo sodium et r&smum a & logeahan 
des meh de d u m  et de mtassium, CoolPC. rend. Sac. de 61 155:49& 
500, 1921: Action diuretipue des ads de raldum: Mkarume de cctte 
actmn, hid .Sa: 950-95a 1921 Cantaror. .Ab+: CpUrra lo the 
Bloal F o l l a  Reputed'Witb&aml of Asahe mud in Ctrrhwu of the 
Liver. Am. J%b. Patb. St 142-152 (March) 1938. Dumitmco.lk.ote: 

urdie et dc syndrome bomoi.l au-earn des ict&ru du type %22 J. de phyeiol et de path &t. 85: 416-42p (June) 1937.. 
Clwwea m +he Inorgame Con- 

atituents of Bbod = Su raroulectomited &h and Rabhib Biol. .Chem. 
11: 281-302 p.) !9&. Hnrrop, G. A: PMoer. J. J.: ~e:natan, A. 
and Swinale. W.. Further Studvr on the Adrenal Corhul Hormone. 

- 

60. Baumran, E. J., and Kurhnd.. S.: 
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l9?4. arenk A D.: Bl& Pdhuimn 8nd Su arena1 G l y d s % a d n .  
crinol %a: j30-j38 (Sept.) 1938. . Z-, R. L and Sullivan. 1. C.: 
Blood%emirtry of A h 1  Insufbiaaw m Cat# EodocnnolqJ l8:97- 
106 (Jan.-Feb.) 1934. Tnnzkowski and Z-.* 

61. Grou. E. G., and Underhill, F. P.: The Organic IOU Balamce of 
the Blood in Parathyroid Tetany. J. B i d  Chan. 54: 105-120 (sept) 
1922. 

62 Allera W D * Nilson H W and Kendoll E. C* Studter on 
Addnalecto&ed DAW: Tb; Tbr1c"Action of P&a"iu& P.m. Slg. 
and dremer R. L.: Expenmental Altenttau m B1d-m Acta 
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regarding the relative toxiaties of maguesium,6' 
ammonia and phosphorus will be reported subsequently. 

1. There is a daily increase in the plasma potassium 
of preserved blood kept under aseptic, bacteriostatic 
conditions, with increments reaching as high as 1,OOO 
per cent. 

2. None of the preservatives tested prevent this dif- 
fusion of potassium from the cells, the lowest rates being 
found in blood preserved in a mixture containing 0.3 
Gm. of sodium citrate per hundred cubic centimeters. 

3. Agitation, such as shaking, hastens the loss of 
potassium from the cells. 

4. The shape of the container markedly influences 
the rate of potassiuni diffusion; the greater the interface 
area between the cells and the supernatant plasma, the 
greater the rate of diffusion. This suggests that tubular 
containers may be preferable to wide-bottomed flasks. 

5. There is no parallel between the rates of difhsion 
of potassium and hemoglobin; hence the degree of 
hemolysis cannot serve as an index of plasma potassium. 

7. In pathologic states associated with potassium 
retention or sensitivity, the use of blood preserved too 
long seems ill advised. 

CONCLUSIONS 

2271 


